). These results clearly show the antagonism between zinc and cadmium ions on the morphology of E. gracilis. Figure 3 shows light micrographs of normal and [+Cd] cells. Both non-dividing and dividing cells were observed in normal media (Fig. 3a) . Non-dividing cells were spindleshaped and dividing cells were V-form. Abnormal cytokinesis was observed in [+Cd] media. In enlarged cells, unequal cell cleavage (first cell cleavage) occurred and the cell cleavage (second cell cleavage) began before the completion of the first cell cleavage (Fig.  3b) . Consequently, many types of abnormalshaped cells were produced (Figs. 3c, 3d, (Fig. 8) . This observation suggests that more than two cell cleavages may proceed at the same time in these abnormal-shaped cells. Figure 9 shows transmission electron micrographs of normal and [Cd] cells. In normal cells, their chromosomes were condensed and their endosomes were not fragmentated (Fig. 9a) . In abnormal-shaped [+Cd] cells, which were polynucleated, their chromosomes were condensed as in normal cells, but some of their endosomes were slightly fragmentated (Fig. 9b) . Fragmentated endosomes are observed in vitamin B12-deficient cells whose mitosis and cytokinesis are arrested.10) In abnormal-shaped [+Cd] cells, paramylon and excretion systems such as Golgi bodies and cytolosomes were well-developed. The Golgi bodies in Fig. 9b were not dividing. Dividing Golgi bodies in Euglena are thought to be one of the cytoplasmic markers for the beginning of cell division11) These observations suggest that cadmium ions inhibit not only the final stage of cytokinesis but also other processes of cell division, and that unusual metabolism may occur in abnormalshaped [+Cd] cells . DISCUSSION Appropriate concentrations of cadmium ions induced alterations in cell morphology of E. gracilis grown in zinc-sufficient media (Figs.  2 and 3) . Since the percentage of abnormalshaped [+Cd] cells varied with changes in inoculum size or growth amounts, its quantitative description was not available.6) Therefore, the average cell volume was used as a parameter for morphological abnormality. The average cell volume well represented the gracilis.
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